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(57) Abstract 

Ad improved apparatus for 
high temperature electrolytic de- 
composition of compounds con- 
taining hydrogen isotopes, e.g. 
deuterium oxide, is disclosed. The 
apparatus includes a solid state 
electrolyte (10) capable of con- 
ducting oxygen, protons, lithium 
ions, or sodium ions; an anode 

(1 1) porous to oxygen adherent to 
one surface of the solid state deo 
trolyte (11) and a hydrogen ab- 
sorbing cathode (12) such as Fe, 
H, Mg, Ni, Pd and didr alloys, 
adherent to another surface of the 
solid state electrolyte (11). The 
apparatus is placed m a hydrogen 
isotope media (13) anci one to two 
volts of direct current passed 
through the electrodes (11, 12). 
Upon plication of this voltage 
two D2O molecules decompose 
into 2D2 and O2. O^^gen 
evolves at the anode (11) while 
D2 is absorbed in the cathode 

(12) . Once the saturation of D2 in cathode (12) occurs fusion begins to take place thus releasmg heat energy. 
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ELECFROIiYTIC APPARATUS FOR DISASSOCIATION 
OF COMPOUNDS CONTAINING HYDROGEN ISOTOPES 



5 RBIATED APPLTCATTQWS 

This application is a continuation-in-part of 
U.S. Application Serial No. 889,214, now U.S. Patent No. 
4,725,346, aiid co-pending U.S. Application Serial No. 
10 156,549 filed February 16, 1988, the contents of both of 
t-Thich are incorporated herein by reference. 



15 



20 



BACKGROUND OP TOB TWVTinJTTn^ 

£islg: This invention relates to energy 
producing devices generally and to a device for 
dissociating compounds containing hydrogen isotopes 
particularly. 

State of the Art; Recent work at the 
University of Utah by Drs. Pons and Fleishmann has been 
reported as deiaonstrating low-tea^erature ( room- 
tempera t\ire) fusion of deuterixim by electrolysis of 
25 aqueous deuteriton oxide in the presence of lithium 
hydroxide, and/or lithium oxydeuteride, as an 
electrolyte. 

The Pons/Fleishmann e^eriment reportedly 
evidenced a release of heat energy in an amount of eUaout 
four times greater than the total electrical energy input 
into the device. The experiment involved the use of a 
coiled platinum anode and a rod-like palladium cathode. 
The two electrodes were immersed in a bath of aqueous 
deuterium oxide ("heavy water") and direct current was 
35 si^plied. Lithium o^ordeuteride served a& an eljeotrplyte. 
The apparatus was run for several days. Oxygen g^ was 
liberated at the anode and some deuterium was liberated 
at the cathode. Also, some deuterium was apparently 
captured in pores or interstices of the palladium cathode 
40 in a manner whereby pairs of deuterium atoms could 

evidently engage in fusion producing an abundance of heat 
energy. 

The experimental data at this time is 



30 
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insufficient to determine the niixiA)er of neutrons and 
amount of gamma radiation released. Therefore, some 
question may exist as to whether or not the heat is. 
resulting from the fusion of deuterium or from some other 
5 unexplained nuclear, physical, or chemical reaction or 
interaction. 

The data collected by Pons and Fleishmann 
indicates that electrolysis of the various components 
does result in the production of much more energy output 

10 than energy input. Thus, regardless of the mechanism 
involved, the Pons/Fleishmann apparatus and process 
accon^lishes a very useful result, namely, the production 
of more energy than it consumes. 

The work of Fleishmemn and Pons has been 

15 reported as confirmed by the Georgia Institute of 
Tiechnology, Texas A & H University, and Moscow 
University. Texas A & H observed an amount of heat 
energy released far in excess of that put into the 
electrolytic cell while Georgia Tech observed the 

20 presence of a larger quantity of neutrons, indicating the 
likelihood of fusion of some of the components. 

SUMtCtf^Y OF THE iNVEyryoN 

25 

The invention includes an apparatus for the 
decomposition of compounds containing hydrogen isotopes. 
The apparatus includes: 1) hydrogen isotope media; 2) a 
solid electrolyte; 3) an anode adherent to one surface of 

30 the solid electrolyte; and 4) a hydrogen-absorbing 
cathode adherent to another surface of the solid 
electrolyte in contact with the hydrogen isotope media. 

A compound containing a hydrogen isotope, for 
example, deuterium oxide, is introduced into the hydrogen 

35 isotope media, typically a molten salt bath, which bath 
will typically be a molten solution of lithium hydroxide 
or lithium oxydeuteride. A direct current is applied to 
the cathode and the anode. By some means, the deuterium 
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oxide "disassociates" into oxygen gas and deuterium gas 
which is absorbed into the cathode causing fusion and 
thus releasing energy. 

5 

BRIEF DESCRIPTION QF THE DRAWINGS 

FIG. 1 is a cross-sectional view of an 
apparatus for disassociating deuterixua oxide (a "cell") 
10 utilizing a solid state electrolyte; 

FIG. 2 is a cross-sectional view of a tubular 
solid state electrolyte with electrodes on the internal 
and external surfaces taken along section line 2-2 of 
FIG. l; 

15 FIG. 3 is a cross-sectional view of a tubular 

solid state electrolyte having internal and external 
electrodes wherein the tubular electrolyte acts as a 
container for a molten alkali metal compound; 

FIG. 4 is a partial cross-sectional view of a 
20 hydrogen ion (proton) conducting electrolyte coated with 
appropriate electrodes on each surface; 

FIG. 5 is a partial cross-sectional view of a 
lithium ion conducting electrolyte coated with 
' appropriate electrodes on each surface; . 
25 FIG. 6 is a cross-sectional view of a preferred 

embodiment of a cell wherein the cathode is "sandwiched" 
between the electrolyte and anodes; and 

FIG. 7 is a cross-sectional view of a preferred 
embodiment of the cell wherein the hydrogen absorbing 
30 cathode is in the center of the cell' and a porous oxygen 
evolving anode surrounds the exterior of the electrolyte. - 

DETAILED DE SCRIPTION OF THE PREFERRED EMBODIMENT 

35 Compounds containing a hydrogen isotope as 

contemplated herein, are compounds which contain 
deute^up* (d) , tritium (T) or hydrogen (H) . Such 
compounds are generally of the formula: 

XY 
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wherein X is hydrogen ^ deuterium, or tritium, and Y is 
the remainder of the compound. Typical of such compounds 
are deuterium oxide (D2O) , deuterium gas (P2) , various 
deuteric acids (R-COOD, wherein R is an alkyl, aryl, or 
5 benzyl group) deuterium sulfide, deuterium selenide, 
deuterium telluride; metal deuterides (LiD) , tritium 
oxide, water, hydrogen chloride, hydrogen sulfide, salts 
containing hydrogen, deuterium and/or tritium, and other 
compounds containing a hydrogen isotope, especially those 

10 that ionize in solution* 

Hydrogen isotope media is any media which will 
contain a hydrogen isotope and present it for fusion. 
Such medium include molten salt baths, gaseous deuteritim 
oxide, heavy water steam, etc. 

15 One alternative hydrogen isotope media is DjSO^, 

the deuterium counterpart of sulfuric acid. In such an 
instance, palladium and its alloys and composites are 
preferred for use as the cathode, and platinum and LSH 
would be preferred anodes to avoid oxidation of the 

20 electrodes, sulfuric ^acid may be admixed with the DsSO^. 
The resultant low pH (1.0 to 4.0) may speed up the 
reaction due to an increased hydrogen isotope ion 
concentration and increased conductivity of the hydrogen 
isotope media. 

•25 Deuterium oxide ("heavy water") is readily 

commercially available from Fischer Scientific and 
Isotech of Ohio. It is a prefejnred compound for use in 
the Invention since it is readily available, contains a 
preferred hydrogen isotope, i.e. deuterlm, and can also 

30 act as its own hydrogen isotope media. 

The apparatus ("cell") for high-temperature 
electrolytic decomposition of deuterium oxide utilizing a 
palladium cathode in a fused allcali metal hydroxide or 
oxydeuteride bath includes a solid state electrolyte 

35 capable of tremsporting oxygen ions under the influence 
of a direct current. The solid state electrolyte should 



4/21/05, EAST Version: 2,0.1.4 



wo 90/13127 



PCT/US90/02112 



be capable of withstanding temperatures well in excess of 
300"C and preferably temperatures in the range of 200** to 
800''C.. On one surface of the electrolyte is placed an 
anode which is generally a coating of electro-conductive 
5 material which is porous or pervious to oxygen. 

On an opposed surface of the electrolyte is a 
cathode, preferably of palladium, which is porous to 
deuterium oxide molecules. A non-porous cathode composed 
of palladium and a proton transporting material such as 

10 bariiim ceriate (BaCeOs) , hydrogen iiranyl phosphate 

(HU02-P04*4H20) or the like, may be used. The proton 
transporting material also transports water and D^O. The 
fused alkali metal hydroxide or oxydeuteride is in 
contact with the hydrogen-absorbing cathode. 

15 If the electrolyte is in tubuleo: form, for 

example a tube of zirconia or ceria having a closed end 
and an open end (e.g. FIG. 1), and the palladium cathode 
is coated on the outside of the tubular electrolyte, then 
the tube is immersed in a bath of molten alkali metal 

20 hydroxide or oxydeuteride. If the hydrogen absorbing 
cathode is on the inside of the tube, then the alkali 
metal hydroxide may be contained within the tube (FIG. 
3). 

Electrical leads are provided to the cathode 
25 and anode in order that a direct current may be imposed 
upon them to create a potential difference across the 
electrolyte. Also, means for heating is provided to 
first melt the alkali metal hydroxide or oxydeuteride and 
to maintain the molten allcali mi^i^al hydroxifle at an 
3b ' appropriate temperatuire. If h^e^t qr energy is given off 
by the device, then the heating means may preferably be 
converted to cooling means so as tp maints(in the 
temperature of the molten alkali metal hydroxide or 
oxydeuteride below its boiling point. 
35 Further description of the invention may be 

facilitated by reference to FIG. 1, FIG. 1 is a cross- 
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. sectional, elevational view of one eiobodiinent of the 
instant invention. In this enibodiment, a zirconia tube 
10 having an anode coating 11 on its interior and a 
cathode 12 of palladium coated on its external surfaces, 
5 is inmersed in a fused lithium hydroxide (LiOH) and/or 
lithium oxydeuteride (LiOD) bath 13 ("bath") . The 
electrolyte bath is contained within a suitable container 

14 for containing a high temperatiire bath, for exaniple, 
an alumina or zirconia ceramic. 

10 A hollow, tube-like heating coil/cooling coil 

15 is also provided to alter the temperature of the bath 
as necessary. A material of choice for use as the hollow 
tube heating/cooling coil would be LSM. During the 
heating phase the coil may have a very hot liquid or very 

15 hot gas passing through it. For example, liquid sodiiam 
or superheated steam may be used to heat the alkali metal 
bath. During the cooling phase, a cooler liquid or gas 
may be passed through the coil 15. For example, molten 
sodlixm of a lower tenqserature than the bath may be passed 

^0 through the coil. Also, water may be passed through the 
coil as a mecuis of cooling the bath 15 whenever heat 
eneirgy is given off by the apparatus. This heated fluid 
may then be used for whatever purpose desired (e.g. 
generation of steam} . 

25 Inlet meeuis 16 in communication with the bath 

13 is provided for the introduction of deuterixom oxide 
vapor and an aperture or other vent means 17 is provided 
to pepait Venting of deuterium or other fluids from the 
devidia. Oxyg^ gas vents from the open end of the 

30 zirconia tube (see FIG, l) . 

: As illustrated in FIG. 1, the external 
electrpde 12 is a porous cathode and the internal 
electlrode 11 is ah anode. A direct current power source 
is applied to the two electrodes, 'one to two volts are 

35 preferably passed through the apparatus. Standard 

electrical sources may be used, such as a dry cell. When 
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deuterium oxide gas is introduced into the bath 13, for 
example through the inlet means 16, the deuterium oxide 
will ultimately reach an equilibrixim concentration in the 
molten lithium hydroxide and/ or lithium oxydeuteride. 
5 Upon the application of direct current to the 

apparatus, a reaction takes place at the cathode/ 
electrolyte interface. The porous cathode permits 
deuterium oxide (heavy water) molecules to disassociate 
at that interface into oxygen ions and deuterivua ions. 

10 The oxygen ions will be transported through the 

electrolyte 10 to the anode ^ere dissociated oxygen ions 
will combine to form an oxygen molecule (O^) . The oxygen 
molecules then pass through the anode and are released 
from the interior of the electrolyte tube. 

15 A deuterium ion at the cathode/electrolyte 

interface will, to a large extent, pass back out through 
the pores of the electrolyte into the palladium cathodes 
and combine with another deuterium ion to foinn a 
deuterium molecule as the ions pick up electrons from the 

20 cathode. However, according to the model of Pons and 
Fleishmann, a certain percentage of the deuterium ions 
might be captured within the palladium cathode and, at 
some point fuse or interact with other materials to 
create a source of energy. For example, it has been 

25 postulated that some fusion of hydrogen and lithium may 
also occur. 

In FIG. 2, a cross-sectional view of the coated 
electrolyte tube 10 along section lines 2-2 of FIG. 1 is 
illustrated. The cathode coating 12 is a continuous /a, 

30 coating covering the entire external surface of the ' V . 
electrolyte 10 so that all that portion of the 
electrolyte which is submerged in the molten alkali metal 
hydroxide or oxydeuteride bath 13 is coated with the 
cathode. The electrode must be sufficiently porous that 

35 heavy water molecules may pass through the electrode to 
be present at the cathode/electrolyte interface. The 
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thickness of the cathode coating, which in the depicted 
embodiment is palladium, may vary from about 0.05 to 
about 2.0 millimeters (mm) . 

The electrolyte illustrated in FIG. 1 is 
5 tubular in shape, having a closed end and an open end. 
other shapes of electrolytes may be used, for exsunple, 
the electrolyte may be a tubular member having two open 
ends where each end is sealed to the container used to 
hold the fused salt. The electrolyte may also be a flat 
10 electrolyte which forms one wall of the molten hydroxide 
container. 

The electrolyte of FIG. l which is illustrated 
in ctoss-section in FIG. 2 is tubular and thus has a 
circular cross-section. The electrolyte is preferably 
15 YaOj doped ceria, zirconia, hafnia, thoria, or bismuth 
oxide. These chemicals in relatively pure form are all 
readily available frcna Ceramatec, inc. of Salt LaJce City, 
Utah. 

Ceramic forming techniques to form an 
20 electrolyte tube of ceria are well known to those skilled 
in the art. For example, ceria powder is first shaped 
into a tubular form, then isostatically pressed and 
sintered at 1550*C for four hours. Before sintering, a 
slurry of each electrode, for example, palladium filings 
25 along with an organic binder and a solvent, may be 

brushed onto the particular surfaces of the isostatically 
pressed electrolyte. The electrolyte along with the 
adherent electrodes may then be co-slntered to from-the 
electrolyte In cas^px^^^itti the anode and cathqd^, . : 
3b The thietoess of idie' electrolyte ^ay vary Oonslde'tably , 
although It Is preferably from about* 0;05 t<i ^ut 2.0. : 
mm. 

On the Internal surface of the electrolyte is 
an anode coating. The anode must be pervious or porous 
35 to oxygen molecules. Examples of materials suitable for 
use as an ahode include molybdentm and titanium nitride. 



4/21/05, EAST Version: 2.0.1.4 



wo 90/13127 PCr/US90/02112 

. ■) ' 

-9- 

Oxygen ions passing through the electrolyte will upon 
reaching the anode give up electrons and combine to form 
an oxygen molecule. The oxygen molecule then passes 
through the anode coating to rise through the tube member 
5 to be released. Naturally, the oxygen may be captured 
and used for various purposes. One advantage of the 
instant invention is that the oxygen emitted from the 
system is very dry and very pure. 

In PIG. 3, another embodiment of the invention 

10 is illustrated wherein an electrolyte tube 19 acts as a 
container for the fused hydroxide. In the embodiment 
illustrated in FIG. 3, a cathode of palladium 18 is 
coated onto the interior surface of the electrolyte 19 
the anode 20 is present on the external surface of the 

15 closed end tube. Inlet means for deuterixm oxide 21 is 
placed within the molten alkali metal hydroxide bath 22. 
Preferably, the deuterium oxide inlet 21 is an elongated 
tubular member which reaches close to the bottom of the 
electrolyte tube so that the deuterium oxide may be 

20 readily dispersed throughout the fused hydroxide. 

In the embodiment of FIG. 3, o^gen will be 
admitted on the external surface of the anode 20 while 
deuterium, at least to some extent, will be released in 
the interior of the electrolyte 19. 

25 A heating element may be disposed within the 

interior of the electrolyte of FIG. 3 (not shown). The 
heating element preferably doubles as a cdoling element 
in the event of heat generation within the apparatus. 
Alternatively, the tube may be immersed in a liquid or 

30 gas bath or stream to heat or cool the external surface 
of the electrolyte as necessary. 

A large plurality of the tubes may be utilized 
in con j amotion with one another and may, for example, be 
contained within a single heating/cooling stream or 

35 fluid. 
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The electrolytes utilized in the instant 
invention may be ceramic oxides such as zirconium oxide 
(zirconia) , ha£nium oxide (hafnia) , bismuth oxide, 
mulli1:ei thorixim oxide (thoria) , cerium oxide or a 
5 combination of these compounds. Other compounds which 
may be useful as electrolytes in the invention include 
BaCeOj or SrCeOa or proton conductors. 

Anode materials may be a ceramic oxide material 
such as lanthanum strontium manganate (LSM) or noble 
10 metals such as platinum, palladium, or gold.:: Also, other 
oxides such as niobium or tantalum doped titanium oxide 
(availeible from Ceramatec, Inc. of Salt Lake City, Utah) 
or SrCOo.sF^ 2O3 may be used. These €mode materials must 
be porous to permit oxygen molecules to pass through 
15 them. Silver, which is pervious to oxygen ions, may be 
adveuitageotisly ixsed in a non-porous form. 

The cathode material of choice in this instemce 
is palladium, since this is the material that has been 
found by Drs. Pons and Fleishmann to have certain 
20 desirable characteristics in causing heat generation from 
electrolysis of heavy water. Other useful cathode 
materials include titemium, nickel alloys, and iron- 
titanium alloys since these, like palladium, have 
enormous hydrogen absorption capcd^ilities. Other cathode 
• 25 materials include composites of various protonic 

conductors (see Table I) mixed with hydrogen absorbing 
materials such as Pe, Pd, Ti, Mg, Nickel and their 
alloyd. 

A composite of alkali metal deuteride and a 
30 hydrogen absorbing cathode are especially preferred 

cathodes for use in a cell ; These composite best when 
used with corresponding alkali metal ion conductors, such 
as those listed in Table I. (e.g. lithium deuteride and 
LiF doped with CaFs or sodium deuteride and NaBeta 
35 alumina). 



4/21/05, EAST Version: 2.0.1.4 



wo 90/13127 



PCr/US90/02il2 



-11- 

The cathode may also preferably be a composite 
of palladium and proton conductor. Such a device would 
more readily being the disassociation reaction sooner. \ ; 
Alternatively the cathode may contain poj^e-forming ) " 
5 materials such as Avicel or( canton f ibersv^ ^ / 
The temperature of opsiristion Is generally above 
the melting point of the bath and below its boiling 
point. A preferred temperature is typically in the range 
of 200 to 600 *C.. Table I shows various tenqperature 
10 ranges dependent on the choice of conductor used as an 
electrolyte. 

TABLE I 

15 

ELECTROLYTE SECOMMENDEO TEMP ('C) 

&« Proton conductors 

0-100* 
100-500° 
100-500° 
100-300* 
300-500" 
300-900* 
300-900* 
20°-150'' 



300-700* 
100-500' 
3C0-800* 



0-150°C 
70-200'C 



20 H002-POt-4H20 

NHtNbWOg 

NH^TaWOe 

H^lPjO^ 

Ni' doped KTiOs 
25 SrCeO, (doped with Y) 

BaCeO, (doped with Y) 

NH^VHgO* BETA ALDMINA 

Lithium ion oonduetora 

30 (Li2SOJ„.„(AgjS04)o.„ 

Li AljOj (X=IiBriCl) 

LiF doped with CaFj 

solid state polvmer lithium 
eleetrolv tes sneh as 

35 (PEO)e LiCFjSOj Polystyre 

(PEO) - LiClO^ 
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c. sodltm ion conductors 

Na Beta Alumina 25-1000 

NaSiCON 100-600* 

(Na2.942ri:49Po,8Si2.2Ol0.85) 

5 

Na6r, Nal, NaF and mixtures 100-800'' 
thereof. 

D. Polwer based solid elect rolytes having high ionic 
10 conductivity in presence of vater, 

NftFION (Dupont Brand) 20-150' 

£^ — Oxide ion conductors solid electrolyte 

15 

Stabilized Zro^, ceo^, HfOj, Tho^ 400-1000* 
Stabilized Bi203 300-700° 
20 PerouskTe mixed oxvaen conductors such as 

Lai.xSrxCOi.xFeyOs"* 400-1000' 

25 

The deuterium oxide may be replaced partly, or 
wholly, by tritium oxide. Tritium is generally more 
susceptible to fusion emd generally releases more 
neutrons and more energy upon fusion. 
30 Another variation of an electrolytic apparatus 

to disassociate deuterium oxide, or in the alternative, 
to disassociate deuterium compounds is illustrated in 
FIG. 4. 

FIG. 4 is a partial cross-sectional view of a 
35 ^olid state electrolyte, preferably a ceramic 

electrolyte, %rtiich is a proton J: i.e. hycB:^6#en ibii 
(deuterium ion) conductor; ^ Suitable ele&^olyteis 22 for 
this purpose include barium ce]riate^(Bate(^j , strontium 
ceriate (SrCe03), rubidium tantalum ttingstate (iEtbTaWOa) or 
40 hydrogen uranyl phosphate. Suitable temperatures of 

operation of such electrolytes varies from about 20 to 
about 900 depending on the solid electrolyte. 
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The electrolyte of FIG. 4 may be substituted in 
an apparatus such as that illustrated in FIGS. 1 or 3. 

In the apparatus of FIG. 4 any suitable anode 
20 material such as platinum, LSH (LaSrttnOa) , silver, gold 
5 or the like may be used. The anode material adheres to 
the electrolyte and is porous to deuterium oxide, as the 
case may be. 

The cathode 18 material is prefer£a:>ly 
palladium, although titanium or titanium-iron alloys may 
10 be used. 

When D2O is in contact with the anode of PIG. 4, 
the anode must be sufficiently porous to allow DgO to be 
present at the anode-electrolyte surface. Application of 
a direct current to the electrodes causes the 

15 disassociation of D2O at the anode-electrolyte surface, 
releasing 2 ions for the transport through the 
electrolyte to be captured by the palladium electrode. 
In the embodiment depicted in PIG. 4, the cathode 18 need 
not be porous, although it may be. 

20 Disassociation of DjO also releases oxygen, 

wherein two oxygen ions (2 0") give up four electrons to 
the circuit and combine to form O2 gas. The O2 gas peisses 
through the porous anode and is vented from the system as 
depicted in FIG. 4« 

25 Palladitun is known to captxire (absorb) about 

900 times its volume of hydrogen. Thus, the apparatus 
could be operated for long periods of time with non- 
porous palladium cathodes before its deuterium absorption 
ability would be diminished. 

30 An apparatus such as that illustrated in PIGS. 

1 or 3 and, employing a proton-conducting electrolyte, 
may be used to disassociate DjO into 2 ions (deuterium 
ions), which are conducted from the anode-electrolyte 
surface, through the electrolyte and into the palladium 

35 cathode. Fusion, to the extent it occurs in the cathode, 
may do so from the fusing of two deuterium ions or two 
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deuterium aolecules (D2) • Some of the deuterium ions (D^) 
undoubtedly pick up electrons and convert to Dz* 

Another variation of an electrolytic appaaratus 
for the retleasia of deuterium is illustrated in FIG. 5. 
5 In this endbodiment, alkali metal oxydeuteride may be 
disassociated in the presence of an alkali metal ion- 
conducting electrolyte 19 such as NaSiCON 
(Na2.94Zri^49Po 8Si2.2O10.85) f ^ sodium ion conductor which is 
stable in the presence of water. This type of 

10 electrolyte 19 may be made as a lithium ion conductor 

such as mentioned in Table I. The electrolyte of FIG. 5 
may be used in an apparatus of the type illustrated in 
FIGS. 1 or 3. A porous palladium cathode 18 is adherent 
to one surface of the electrolyte. The cathode 18 is 

15 porous to lithium oxydeuteride so that it may be present 

at the cathode-electrolyte interface to disassociate at 

the cathode according to the following reaction: 

+2e- 

2 Li* + 2D2O — ^> 2 LiOD + D2 

20 

at the anode 20 which may be made of molybdenum electrode 
or TiN: s- 

-2e- 

25 2 LiOD >2 Li + D2O + Ot 

for a- total reaction: 

30 2D2O ^> 2D2 (cathode) + 0 (anode) 

and at the cathode: 

D2 > fusion ^> energy 

In the above . reaction , Li* ions are conducted 
through the electrolyte to combine at the cathode- 
electrolyte surface by coaibining with an electron to form 
40 lithium. 

Numerous cells may be used in series to take 
advantage of high voltage, low current power sources 
readily available throughout the world. In the case of 
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an alternating cvirrent, a rectifier can be used to 
convert the alternating current into a direct current. 
The cells are connected in series with the amount of 
voltage (e.g. llOV) being divided by the number of volts 
5 desired per cell (e.g. 1-2V) to determine the number of 
cell needed. 

Steam generated through the use of the cooling 
coils associated with the cells can be collected to 
generate more electricity or to other useful work. 

10 The cell depicted in FIG, 6 includes a hydrogen 

absorbing cathode 24, e.g. palladium, sandwiched by, 
electrolyte 26 and the same or different electrolyte 28 
and two anodes 30, 32 which may be also made from the 
same or different material. This portion of the cell is 

15 surroiuided by a fluid 34 which comprises the hydrogen 
isotope media. This fluid may be the aforementioned 
molten LiOH/LiOD; gaseous D^O, or other fluid media within 
which compotmds containing hydrogen isotopes dissolve 
(e.g. acpieous Li)D or NaOD) . The container 36 contains 

20 the fluid and aforementioned portions of the cell. When 
the con^otind containing a hydrogen isotope is heavy 
water, D2 and Q2 evolve as depicted. 

PIG. 7 depicts another preferred cell for use 
in the invention. In the embodiment depicted in FIG. 7, 

25 hydrogen absorbing cathode 24 contacts and is surrounded 
by a solid electrolyte 26. Anode 30 adheres to the outer 
surface of the electrolyte 26. This emb<>diment of the 
invention is particularly suited for the decomposition of 
gaseous D2O which may be introduced through inlet 38 ^j^^ ^he 

30 container 36 must be able to withstand the pressures 

generated by gaseous DjO at temperatures . contemplated by . 
the invention. 

The particular advantages of the cells depicted 
in FIGS. 6 & 7 are to ensure that deuterium, and other 

35 hydrogen isotope, atoms do not pass right through the hot 
palladium (typically greater than (400°C) which might 
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dampen the fusion reactions. 

other advantages of the system using solid 
electJTolytets include (1) solid electrolytes allow the 
cells to be used in higher temperature environments, 
5 plating or coating of the electrolytes, 2) allows the use 
of smaller eunounts of relatively rare metals at the 
electrodes, 3) the allowance of higher temperatures 
creates the possibility of co-generation of electricity 
where temperatures must generally exceed 400*'C; 4) the use 
10 of higher temperatures increases the reaction Kinetics of 
the system and therefore the hydrogen absorbing cathode 
will be more quickly saturated and able to produce heat; 
and 5) use of composite allows for better proton 
conduction and quicker reaction times. 

15 

EXAMPLE I 

20 A preferred embodiment of the invention 

includes a molten salt bath of fused lithium hydroxide 
and lithium oxydeuteride. The solid oxygen transporting 
high-temperature electrolyte is cubic zirconia. The 
electrolyte is in a form where one side or surface of the 

25 electrolyte is coated with an electrode material which is 
porous or pervious to oxygen and may become an anode upon 
application of proper current. The anode preferably LSM, 
is not in contact with the fused salt. On the other 
surface of the solid electrolyte is a cathode formed of 

30 palladium. A container for the fused salt of the molten 
salt bath is provided and means to introduce a flow of 
deuterium oxide into the fused salt is also provided. 
Means to allow oxygen to exit from the anode side of the 
electrolyte and means to allow deuterium or hydrogen to 

35 exit from the fused salt are also present. 
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EXAMPLE ZZ 

Composite of LiD and Palladium 

5 The method of making this composite involves 

mixing the powders of LiD and Pd together intimately and 
milling these powders in a ball mill for 6 to 12 hrs. 
under inert atmosphere. After milling, the powder 
mixture is pressed into slugs and then granulated to 
10 required particle size. The granulated powder is then 
pressed to required shape for use as cathode in solid 
electrolyte electrochemical cells. In some cases even 
sintering at 600**C is recommended for achieving higher 
density. 

15 

Reference herein to specific details or 
embodiments is not intended to limit the scope of the 
appended claims which define the invention. 
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Claims 

What: is claimed; 

1 • Ah apparatus for high-temperature 
electrolytic decomposition of cospounds containing 

5 hydrogen isotopes in the presence of a hydrogen absorbing 
Cc^thode and a hydrogen isotope media comprising: 
a solid state electrolyte capable of transpoirting oxygen, 
pirotons, sodiiom ions or lithium ions under the 
influence of a direct current; 
10 anode on one surface of said electrolyte, said anode 
being porous or pervious to oxygen; 
a cathode of palladium, said cathode being either porous 
or solid or composite of proton conducting 
material, as the case may be; 
15 meauis for directing current through said euiode and 
cathode. 

2 • The apparatus of Claim 1 wherein said solid 
state electrolyte is made of a material selected from the 

20 group consisting of zirconia, hafnia, bismuth oxide, 

. mullite, thoria, cerium oxide, baritua ceriate; strontium 
ceriate, sodium beta alumina, inibidium tantalum 
tungstate, lithium fluoride; NaSiCON; LiSiCON and 
Hn02P04-4H20. 

25 

3. The apparatus of Claim 2 wherein said 
anode is made of a material selected from the group 
consisting of platinum, silver, gold, lanthanxim strontivim 
manganate, doped titaniiua pxide, and composited of these 

30 materials • 

4. An apparatus for high temperature 
electrolytic decomposition of a compound containing a 
hydrogen isotope in the presence of a cathode and a 

35 hydrogen isotope media comprising: 
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a tube having a closed end and an open end and an inner 
and outer wall, said tube made of an 
electrolytic material selected from the group 
consisting of ceria, zirconia, hafnia, thoria, 
5 and bismuth oxide, said electrolytic material 

capable of transporting oxygen ions when 
subjected to a direct current; 

an anode adherent to at least a portion of a wall of said 
tube; 

10 a cathode capable of absorbing hydrogen on some portion 
of the other wall of said tube; 
means for containing a hydrogen isotope media in contact 

with said anode or said cathode; 
means for introducing deuterium oxide into said hydrogen 
15 isotope media; and 

means for applying a direct current to the cathode and 
anode to create a voltage potential between 
said anode and cathode. 

20 5, The apparatus of Claim 4 wherein said 

hydrogen isotope media is a molten alkali metal hydroxide 
or oxydeuteride bath and further including means for 
alternating heating and cooling said molten alkali metal 
hydroxide or oxydeuteride bath. 



25 



30 



6. The apparatus of Claim 5 wherein said 
anode is made of a material selected from the group 
consisting of platinum, silver, gold, lanthanum strontium 
manganate, and doped titanixim oxide. 

.* «'.* .«■ - •' • ' ■ 

7. The apparatus of Claiia 6 therein, the 
cathode is made of a material selected from the groups 
consisting of palladium, titanium, titanium alloys, 
nickel, nickel alloys, iron and composites thereof. 



35 
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8. The apparatus of Clain 7 wherein said 
cathode is a craiposite of hydrogen absorbing material and 
alkali earth metal deuteride and the electrolyte is. a 
conductor capable of conducting ions of the alkali eca±h 

5 metalv . 

9. A process for high temperature 
electrolytic promotion of fusion conditions of deuterium 
in a palladiim cathode comprising: 

10 introducing deuterium into a bath of alkali metal 
hydroxide or oxydeuteride; 
creating a direct current in said bath between an anode 

and the palladium cathode; 
heating said alkali metal to melt the alkali metal 
15 hydroxide or oxydeuteride and to maintain the 

molten alkali metal hydroxide or oxydeuteride 
above its melting point until fusion of the 
deuterium occurs; 
extracting heat from said bath after fusion occurs to 
20 maintain the molten alkali deuterium below its 

boiling point. 

10. The process of Claim 9 wherein said 
molten alkali metal is lithium hydroxide. 

25 

11. The process of Claim 9 xiAierein said 
molten alkali metal is lithium oxydeuteride* 

12 i The process of Claim 9 wherein said 
30 molten alkali metal is an admixture of lithium hydroxide 
and lithium oacydeuteride. 

13. The process of Claim 10 wherein said 
anode is made from a material selected from the group 
35 consisting of platinum, silver, gold, lanthanum strontium 
manganate, and doped titaniim oxide. 
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14. The process of Claim 9 wherein said bath 
is heated by passing a fluid having a temperature greater 
than that of the melting point of the alkali metal 

5 through a hollow coil present in said bath. 

15. The process of claim 14 wherein said heat 
is extracted from said bath of molten alkali metal by 
passing a fluid having a ten^erature less than that of 

10 the boiling point of the alkali metal through the hollow 
coil. 

16. The process of Claim 15 further including 
using the heat extracted from the bath for another useful 

15 purpose. 
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Fig. 2 
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Fig, 3 
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Fig. 5 
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Fig. 7 
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